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ABSTRACT 
Iron deficiency is prevalent among endurance athletes, particularly females. Low iron may compromise oxygen delivery 
and physical performance. Vegetarianism, desire for convenience, and perceived health risks associated with red meat 
contribute to low bioavailable iron intakes. The purpose of this study was to examine if lean beef supplementation 
would maintain iron status, improve body composition and increase performance of distance runners after 8 weeks. 
Twenty-eight (14 female) Division-I cross-country runners were stratified by iron status, use of iron supplements, and 
gender, and randomized into a control (n = 14) and intervention group. All participants maintained their typical diet and 
consumed a daily multivitamin, while the intervention group consumed 9 ounces of lean beef weekly. Dietary intake 
(total iron, heme-iron, protein, zinc), body composition, VO2max, and iron status (hemoglobin, hematocrit, serum iron, 
serum ferritin, total iron binding capacity [TIBC]) were measured at baseline and post-intervention. The intervention 
group had greater intakes of total and heme-iron. There were no group differences in amino acids, protein, or calories. 
Both groups had a significant body fat increase and lean mass decease over time. There was a significant VO2max in- 
crease over time in both groups. There were no group differences due to the intervention in serum ferritin, hemoglobin, 
serum iron, and TIBC. There was a significant difference in hematocrit between groups as a result of the intervention. 
In conclusion, increasing bioavailable iron from red meat may have effects on body composition and maintenance of 
blood iron markers; however, its direct impact on performance among endurance athletes is unclear. 
 
Keywords: Iron Deficiency; Endurance Athletes; VO2max; Lean Beef; Bioavailable Iron; Heme Iron 
1. Introduction 
Iron is a trace mineral that plays essential roles in the 
human system. Two thirds of the iron inside the body is 
found within hemoglobin, an iron-containing protein 
found in red blood cells that carries oxygen [1]. The re- 
maining iron is located in myoglobin, which assists in the 
storage and transport of oxygen within muscles [1]. He- 
moglobin plays a significant role in exercise, as it trans- 
ports oxygen throughout the body. If the body has in- 
adequate hemoglobin levels, oxygen delivery to tissues 
will be compromised and physical performance may then 
suffer. There is some controversy even among health 
professionals regarding “normal” hemoglobin concentra- 
tions, but the generally accepted ranges are 12 - 16 g/dl 
for women and 13.5 - 18 g/dl for men [2]. Anemia is the 
condition associated with hemoglobin concentrations 
below the defined normal range.  
Health professionals have suggested based on previous 
research findings that athletes, especially females and 
distance runners, are at risk of developing iron deficiency 
[1]. Highly physically active individuals are at an in- 
creased risk of developing this deficiency when com- 
pared to their less-active counterparts. Additionally, fe- 
males are more likely than males to develop iron defi- 
ciency, with 25% - 35% of adolescent and adult female 
athletes experiencing a form of iron deficiency compared 
to 10% - 11% of adolescent and adult male athletes [3]. 
Within the active population the consumption of red 
meat products is reported at a decreased rate when com- 
pared to the general population [4]. Reasons such as 
vegetarianism and the desire for convenience, along with 
various perceived health risks associated with red meat 
may all contribute to this decline [4]. One of the main 
disadvantages of reducing the consumption of red meat is 
the potential impact on serum iron and zinc status [2]. 
Red meat is a rich source of heme iron that has higher 
bioavailability of these essential nutrients than non-heme 
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iron, which is derived from plant-based sources. Several 
previous studies addressing performance with an iron 
supplement found varying increases in endurance time, 
VO2max, and oxygen consumption with an iron-treated 
intervention group [5-9]. Subjects who were iron defi- 
cient at baseline were noted to exhibit a significant in- 
crease in performance measures after supplementation. 
Additional iron intake in a dietary form may be of im- 
portance to the endurance athlete to prevent iron deple- 
tion with consequences of thus, decreased performance. 
To increase the amount of bioavailable iron in the diet, 
prepackaged lean beef would be a convenient option for 
this population. The justified need for this study is to 
examine the iron status, body composition and perform- 
ance of male and female collegiate distance runners, to 
increase the research knowledge on the most effective 
supplementation for this population. The specific aim of 
this study is to examine whether supplementation with a 
lean beef stick will result in maintenance of iron status, 
improvement in body composition and increase in per- 
formance compared to a multivitamin supplement alone. 
It was hypothesized that supplementation with increased 
amounts of lean beef would maintain the iron status, and 
improve the body composition and performance of colle- 
giate distance runners over an 8-week period. 
2. Methods 
2.1. Subjects 
Twenty-eight (14 males and 14 females) NCAA Division 
I cross country runners from South Dakota State Univer- 
sity, who were 18 - 24 years of age, volunteered to par- 
ticipate. Participant characteristics are listed in Table 1. 
After an explanation of the expected procedure, verbal 
approval was gained from the head coach prior to re- 
cruitment. Individuals who consented to participate agreed 
to follow their typical training regimen, were willing to 
consume additional lean beef via the provided beef sticks, 
and replace the use of any multivitamin supplement with 
the provided multivitamin. Any use of additional iron 
supplements during the study duration would be docu- 
mented. This study was approved by the South Dakota 
State University Human Subjects Committee. 
2.2. Study Design 
The participants were stratified according to their base- 
line iron status, current use of iron supplements, and 
gender, and then randomized into the control or interven- 
tion group. All participants continued to exercise per 
their regular training regimen throughout the 8-week 
intervention period. The participants randomized to the 
intervention group were instructed to maintain their 
typical diet and consume 9 one-ounce servings (255.15 
grams per week) of the lean beef supplement per week, 
along with the supplied daily multivitamin supplement. 
The control participants were instructed to maintain their 
typical diet and consume only the daily multivitamin. 
The provided multivitamin supplement (Equate® Com- 
plete Multivitamin/Multimineral Dietary Supplement) 
contained 18 mg of iron in the form of ferrous fumarate. 
The provided lean beef supplement (Silver Creek Spe- 
cialty Meats®, Oshkosh, WI) contained 6% of the RDA 
for iron. The multivitamin was distributed to all subjects 
at baseline while the beef supplements were distributed 
bi-weekly throughout the study duration. Participants 
were required to complete a weekly calendar to annotate 
their beef supplement consumption and multivitamin 
compliance throughout the week. All documentation and 
collection was monitored by study personnel. 
2.3. Dietary Protocol 
All participants were required to complete a 3-day diet 
history at baseline and again after the 8-week intervene- 
tion. Participants were instructed to record two regular 
weekdays and one weekend day. The food records were 
entered into nutritional analysis software titled Food 
Processor for Windows, 2006 (Database version 10.2, 
ESHA Research, Salem, OR). Intakes of calories, carbo- 
hydrates, protein, total fat, vitamin C, calcium, zinc, 
heme and non-heme iron were evaluated, along with 
other key vitamins and minerals. Heme iron was calcu- 
lated as 40% of the total iron content in the meat prod- 
ucts consumed [10]. The remaining 60% was defined as 
non-heme iron intake. The type, dose, and frequency of 
iron-containing supplements were also documented in 
the dietary intakes.  
2.4. Blood Draw Protocol 
A blood sample was required of all participants at base- 
line and immediately after the 8-week intervention period. 
Participants were instructed to refrain from exercise and 
fast for at least 12 hours prior to their scheduled blood 
draw. Sampling was performed by qualified personnel 
using sterile techniques. Duplicate samples of approxi- 
mately 15 mL of blood were obtained from the antecubi- 
tal vein via vena puncture. The samples were stored in a 
freezer (−40˚C) until analysis. The biochemical indica- 
tors of iron status assessed included serum ferritin, he- 
moglobin, hematocrit, serum iron, and total iron binding 
capacity (TIBC). C-reactive protein levels were meas- 
ured to indicate the presence of inflammation. For the 
purpose of this study, serum ferritin levels < 15 µg/L in- 
dicated iron deficiency. Iron deficiency anemia was clas- 
sified by hemoglobin < 12 g/ L for women and < 13 g/dL  d  
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Table 1. Participant anthropometric and performance measures at baseline and 8 weeks. 
 Controla (n = 14) Interventiona (n = 14) Groupb Timeb Group × Timeb 
All Subjects      
Height (cm)      
Baseline 
Post 
174.0 ± 0.0 
174.0 ± 0.0 
173.23 ± 0.0 
173.23 ± 0.0 0.0001 0.409 0.409 
Weight (kg)      
Baseline 
Post 
63.0 ± 0.4 
62.9 ± 0.5 
62.3 ± 0.3 
63.4 ± 0.4 0.739 0.249 0.162 
Body Fat (%)      
Baseline 
Post 
11.8 ± 0.6 
13.9 ± 0.8 
12.8 ± 0.5 
13.6 ± 0.7 0.628 0.034 0.362 
Lean Mass (%)      
Baseline 
Post 
88.2 ± 0.6 
86.1 ± 0.8 
87.2 ± 0.5 
86.4 ± 0.7 0.628 0.034 0.362 
VO2 Max (ml/kg/min)      
Baseline 
Post 
68.0 ± 1.3 
74.7 ± 2.0 
66.0 ± 1.2 
73.7 ± 1.5 0.346 0.0002 0.728 
Female      
Weight (kg)      
Baseline 
Post 
57.7 ± 0.5 
56.8 ± 0.7 
54.9 ± 0.5 
56.3 ± 0.5 0.022 0.696 0.062 
Body Fat (%)      
Baseline 
Post 
15.1 ± 1.0 
17.1 ± 1.4 
16.3 ± 0.9 
17.9 ± 1.1 0.395 0.153 0.851 
Lean Mass (%)      
Baseline 
Post 
84.9 ± 1.0 
82.9 ± 1.4 
83.7 ± 0.9 
82.1 ± 1.1 0.395 0.153 0.851 
VO2max (ml/kg/min)      
Baseline 
Post 
60.8 ± 1.2 
68.4 ± 2.0 
58.4 ± 1.1 
66.9 ± 1.3 0.232 0.0008 0.767 
Male      
Weight (kg)      
Baseline 
Post 
68.3 ± 0.5 
69.1 ± 0.6 
69.7 ± 0.4 
70.3 ± 0.5 0.037 0.225 0.827 
Body Fat (%)      
Baseline 
Post 
8.6 ± 0.6 
10.8 ± 0.8 
9.2 ± 0.5 
9.3 ± 0.7 0.517 0.133 0.151 
Lean Mass (%)      
Baseline 
Post 
91.4 ± 0.6 
89.2 ± 0.8 
90.8 ± 0.5 
90.7 ± 0.7 0.517 0.133 0.151 
VO2max (ml/kg/min)      
Baseline 
Post 
75.2 ± 2.5 
81.2 ± 3.5 
73.5 ± 2.3 
80.4 ± 3.1 0.672 0.058 0.880 
Values are reported as mean ± SEM. aControl subjects kept typical diet and consumed 1 multivitamin supplement/day intervention subjects kept typical diet, 
consumed 1 multivitamin supplement/day along with 9 oz. of lean beef supplement/week; bp-Value was determined using analysis of variance (ANOVA). 
ignificance was set at p < 0.05. S   
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for men [1,4]. Additional indicators were also used to 
evaluate iron status: low serum concentrations (<60 μg/ 
dL), high TIBC (>400 μg/dL), and low transferrin satura- 
tion (<16%).  
2.5. Body Composition Protocol 
Body composition was measured via air displacement 
plethysmography (ADP; Bod Pod Life Measurement 
Instruments, Concord, CA) using the procedure recom- 
mended by the manufacturer.  
2.6. Exercise Test Protocol 
Subjects performed a VO2max test using the Parvo Medics 
TrueOne Metabolic System (Sandy, Utah) at baseline 
and after the 8-week study duration to measure peak 
oxygen consumption. Participants were instructed to 
warm up for 5 - 10 minutes at his or her desired pace. 
The set starting speed varied between participants and 
was based on current fitness level and 5-kilometer race 
pace. All females began at 7.0, 7.5, or 8.0 mph and all 
males began at 8.5, 9.0, or 9.5 mph. The grade of the 
treadmill (Woodway, Waukesha, WI) remained constant 
at 1% for the test’s entirety, and the speed was increased 
0.5 mph every minute until the subject reached volitional 
exhaustion. Heart rate and oxygen consumption (VO2) 
were monitored throughout the test. The VO2max, or 
maximum amount of oxygen consumed during the test, 
was recorded for each participant. All participants were 
advised to perform the baseline and post VO2max test at 
a similar time of day.  
2.7. Statistical Analysis 
Statistical analysis was performed using statistical soft- 
ware (JMP®7, SAS Institute, Cary, NC, USA). Descrip- 
tive statistics were represented by mean ± standard error 
(SEM). A two-way analysis of variance with time (base- 
line vs post) and group (control vs intervention) was used 
to determine the main effect of supplementation on all 
variables measured. A Tukey post-hoc test was used to 
identify significant differences when a significant F-ratio 
was obtained. The level of significance for analyses was 
set at p < 0.05.  
3. Results 
3.1. Dietary Intake 
Twenty-eight athletes (intervention = 14, control = 14) 
from the cross country team completed the 8-week study. 
The intervention group had greater intakes of total iron 
and heme-iron due to the consumption of weekly beef 
supplements (Table 2). As a result of the intervention, 
there was a near significant group × time effect in heme- 
iron intake (p = 0.057), where heme-iron was signifi- 
cantly greater in the post-intervention athletes than the 
post-control. When separated by gender the female in- 
tervention participants had greater heme-iron intakes 
than the control. These differences were not seen in the 
males (Table 3). The consumption of Fe(mg)/1000 kcals 
was significantly different between groups, where from 
baseline to post the control group consumption decreased 
10% while the intervention increased 20% (p = 0.033). A 
significant effect of time was seen in zinc intake (p = 
0.020), where both groups consumed significantly less 
from baseline to post-intervention (Table 2). The inter- 
vention group decreased their calcium intake signify- 
cantly from baseline to post. There was no significant 
difference seen in calorie, protein, or carbohydrate intake. 
When separated by gender the females within both 
groups experienced a significant increase from baseline 
to post in kcals/kg of weight and carbohydrate consump- 
tion. These differences were not seen in the males (Table 
3). There were no significant within or between group 
changes in any amino acid intake (Table 4).  
3.2. Anthropometric and Performance Measures 
There was no significant weight change over time, al- 
though the body fat percentage in both groups increased 
significantly (p = 0.034). The percentage of lean mass in 
both groups deceased significantly over time (p = 0.034). 
When evaluated by gender, there was a significant dif- 
ference in weight at baseline between groups of females, 
with the control females weighing more than the inter- 
vention (p = 0.022). No significant change was seen be- 
tween female groups over time in body fat or lean mass 
percentage. Among the males there was also a significant 
difference in weight between groups at baseline, with the 
intervention males weighing more compared to the con- 
trol subjects (p = 0.037). The body composition of both 
male groups, measured as body fat and lean mass per- 
centage was not affected as a result of time.  
There was a significant increase in VO2max from base- 
line to post in all subjects. When evaluated by gender, 
VO2max increased significantly as an effect of time in 
both groups of females (p = 0.0008). The VO2max was of 
near significant increase over time in the male partici- 
pants (p = 0.058) (Table 1).  
3.3. Blood Parameters 
There were no group differences due to the intervention 
in serum ferritin, hemoglobin, serum iron, and TIBC. 
There was a group × time significance in hematocrit (p = 
0.051). There was a significant decrease due to time in 
hemoglobin concentration (p = 0.0001) and serum iron   
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Table 2. Average daily dietary intakes of all subjects at baseline and 8 weeks. 
 Controla (n = 14) Interventiona (n = 14) Groupb Timeb Group × Timeb 
Calories      
Baseline 
Post 
2638.9 ± 283.9 
3113.8 ± 338.5 
2862.0 ± 241.2 
2727.5 ± 278.6 0.777 0.556 0.309 
Kcals/kg      
Baseline 
Post 
41.1 ± 4.3 
53.1 ± 6.3 
45.6 ± 3.8 
43.0 ± 5.1 0.589 0.361 0.165 
Carbohydrates (g)      
Baseline 
Post 
341.3 ± 35.7 
417.2 ± 42.5 
376.2 ± 30.3 
333.9 ± 35.0 0.506 0.651 0.124 
Protein (g)      
Baseline 
Post 
106.9 ± 7.0 
98.8 ± 8.4 
105.7 ± 6.0 
108.7 ± 6.9 0.540 0.728 0.451 
Protein (g/kg)      
Baseline 
Post 
1.7 ± 0.1 
1.6 ± 0.1 
1.7 ± 0.1 
1.7 ± 0.1 0.710 0.557 0.657 
Fat (g)      
Baseline 
Post 
93.1 ± 15.5 
119.9 ± 18.5 
95.1 ± 13.2 
92.2 ± 15.2 0.419 0.463 0.366 
Fe (mg)c      
Baseline 
Post 
18.1 ± 2.5 
16.9 ± 3.0 
22.8 ± 2.1 
24.5 ± 2.5 0.024 0.913 0.578 
Fe (mg/1000kcals)      
Baseline 
Post 
6.8 ± 1.1 
6.1 ± 1.3 
8.1 ± 0.9 
9.7 ± 1.0 0.033 0.723 0.294 
Red Meat Avg (g)      
Baseline 
Post 
82.2 ± 14.2 
56.7 ± 14.2 
79.4 ± 11.3 
102.1 ± 14.2 0.116 0.920 0.088 
Heme-Fe (mg)      
Baseline 
Post 
1.9Z ± 0.3 
1.4Z ± 0.4 
2.1Z ± 0.3 
3.0Y ± 0.3 0.016 0.464 0.057
 
Non Heme-Fe (mg)c      
Baseline 
Post 
16.2 ± 2.4 
15.4 ± 2.9 
20.7 ± 2.1 
21.6 ±2.4 0.041 0.988 0.756 
Non Heme-Fe w/vitamin/mineral 
supplement (mg)      
Baseline 
Post 
52.0 ± 4.3 
59.6 ± 3.9 
62.5 ± 3.9 
68.1 ± 3.0 0.023 0.115 0.795 
Copper (mg)      
Baseline 
Post 
0.9 ± 0.1 
0.6 ± 0.1 
0.8 ± 0.1 
0.8 ± 0.1 0.647 0.569 0.202 
Calcium (mg)      
Baseline 
Post 
1190.7Z ± 97.5 
1219.1Z ± 116.2 
1545.4Y ± 82.8 
984.8Z ± 95.6 0.545 0.016 0.009 
Zinc (mg)      
Baseline 
Post 
11.6 ± 1.6 
6.3 ± 1.9 
12.3 ± 1.4 
9.1 ± 1.6 0.289 0.020 0.550 
Vitamin C (mg)      
Baseline 
Post 
78.4 ±8.6 
85.2 ± 10.2 
71.5 ± 7.3 
56.3 ± 8.4 0.051
 0.641 0.226 
Values are reported as means ± SEM. aControl subjects kept typical diet and consumed 1 multivitamin supplement/day intervention subjects kept typical diet, 
consumed 1 multivitamin supplement/day along with 9 oz. of lean beef supplement/week; bp-Value was determined using analysis of variance (ANOVA). 
Significance was set at p < 0.05; cReported intakes do not include nutrients from vitamin/mineral supplements; Y,ZMeans not connected by the same letter are 
not significantly different. 
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Table 3. Average daily dietary intakes at baseline and 8 weeks by gender. 
 Controla (n = 7) Interventiona (n = 7) Groupb Timeb Group × Timeb 
Female      
Calories      
Baseline 
Post 
1990.3 ± 356.6 
3075.5 ± 356.6 
2180.4 ± 277.4 
2523.9 ± 277.4 0.578 0.056 0.284 
Kcal/kg      
Baseline 
Post 
34.6 ± 4.9 
55.8 ± 6.0 
40.2 ± 4.1 
47.9 ± 4.7 0.819 0.020 0.210 
Carbohydrates (g)      
Baseline 
Post 
243.4 ± 41.7 
423.2 ± 41.7 
314.6 ± 32.5 
343.0 ± 32.5 0.906 0.023 0.078 
Protein (g)      
Baseline 
Post 
89.8 ± 6.1 
91.2 ± 6.1 
77.8 ± 4.7 
91.2 ± 6.1 0.272 0.229 0.332 
Protein (g/kg)      
Baseline 
Post 
1.6 ± 0.1 
1.6 ± 0.1 
1.4 ± 0.1 
1.7 ± 0.1 0.658 0.181 0.399 
Fat (g)      
Baseline 
Post 
71.1 ± 19.7 
118.1 ± 19.7 
71.9 ± 15.3 
89.9 ± 15.3 0.449 0.104 0.442 
Fe (mg)c      
Baseline 
Post 
14.0 ± 3.4 
15.9 ± 3.4 
16.2 ± 2.6 
22.3 ± 2.6 0.182 0.230 0.516 
Fe (mg/1000kcals)      
Baseline 
Post 
7.0 ± 1.5 
5.2 ± 1.5 
7.6 ± 1.2 
9.7 ± 1.2 0.089 0.893 0.192 
Red Meat Avg (g)      
Baseline 
Post 
51.0 ± 17.0 
22.7 ± 17.0 
36.9 ± 14.2 
45.4 ± 14.2 0.770 0.611 0.253 
Heme-Fe (mg)c      
Baseline 
Post 
1.2Y,Z ± 0.3 
1.0Z ± 0.3 
1.0Z ± 0.2 
2.1Y ± 0.2 0.086 0.157 0.029 
Non Heme-Fe (mg)c      
Baseline 
Post 
12.8 ± 3.3 
15.0 ± 3.3 
15.2 ± 2.5 
20.3 ± 2.5 0.212 0.256 0.639 
Non Heme-Fe w/vitamin/mineral 
supplement (mg)      
Baseline 
Post 
45.3 ± 4.3 
58.7 ± 3.5 
75.2 ± 3.0 
85.4 ± 3.0 0.0001 0.008 0.654 
Copper (mg)      
Baseline 
Post 
0.5 ± 0.1 
0.6 ± 0.1 
0.6 ± 0.1 
0.8 ± 0.1 0.264 0.219 0.755 
Calcium (mg)      
Baseline 
Post 
931.7Z ± 79.8 
1422.6Y ± 79.8 
1430.7Y ± 62.1 
1054.7Z ± 62.1 0.375 0.451 0.0002 
Zinc (mg)      
Baseline 
Post 
8.6 ± 1.2 
5.8 ± 1.2 
6.9 ± 1.0 
7.3 ± 1.0 0.970 0.310 0.195 
Vitamin C (mg)      
Baseline 
Post 
41.5 ± 11.6 
58.4 ± 11.6 
64.9 ± 9.0 
42.8 ± 9.0 0.712 0.811 0.099 
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Continued 
Male      
Calories      
Baseline 
Post 
3185.8 ± 390.6 
3050.4 ± 552.5 
3543.7 ± 361.7 
2739.9 ± 485.2 0.960 0.335 0.486 
Kcal/kg      
Baseline 
Post 
46.5 ± 5.6 
46.1 ± 9.7 
51.0 ± 5.2 
33.1 ± 8.2 0.588 0.270 0.286 
Carbohydrates (g)      
Baseline 
Post 
421.8 ± 43.6 
393.9 ± 61.6 
437.7 ± 40.4 
296.5 ± 54.1 0.448 0.139 0.300 
Protein (g)      
Baseline 
Post 
122.4 ± 12.3 
104.7 ± 17.4 
133.7 ± 11.4 
122.9 ± 15.3 0.339 0.352 0.817 
Protein (g/kg)      
Baseline 
Post 
1.8 ± 0.1 
1.4 ± 0.2 
1.9 ± 0.1 
1.5 ± 0.2 0.559 0.104 0.925 
Fat (g)      
Baseline 
Post 
111.7 ± 23.8 
118.2 ± 33.6 
118.2 ± 22.0 
86.2 ± 29.6 0.658 0.658 0.508 
Fe (mg)c      
Baseline 
Post 
21.6 ± 3.5 
17.4 ± 4.9 
29.3 ± 3.2 
25.0 ± 4.3 0.098 0.322 0.990 
Fe (mg/1000kcals)      
Baseline 
Post 
6.9 ± 1.6 
7.1 ± 2.3 
8.7 ± 1.5 
9.4 ± 2.0 0.303 0.807 0.886 
Red Meat Avg (g)      
Baseline 
Post 
116.2 ± 19.8 
93.6 ± 31.2 
124.7 ± 19.8 
164.4 ± 25.5 0.141 0.758 0.237 
Heme-Fe (mg)c      
Baseline 
Post 
2.5 ± 0.6 
1.9 ± 0.9 
3.1 ± 0.6 
3.8 ± 0.8 0.121 0.906 0.374 
Non Heme-Fe (mg)c      
Baseline 
Post 
19.1 ± 3.4 
15.5 ± 4.8 
26.3 ± 3.1 
21.2 ± 4.2 0.143 0.299 0.858 
Non Heme-Fe w/vitamin/mineral 
supplement (mg)      
Baseline 
Post 
60.4 ± 8.3 
56.6 ± 8.3 
54.5 ± 11.9 
43.9 ± 6.0 0.381 0.526 0.756 
Copper (mg)      
Baseline 
Post 
1.2 ± 0.2 
0.6 ± 0.2 
0.9 ± 0.2 
0.9 ± 0.2 0.996 0.127 0.226 
Calcium (mg)      
Baseline 
Post 
1372.5 ± 90.4 
938.6 ± 127.8 
1660.0 ± 83.7 
841.1 ± 112.3 0.396 0.0006 0.110 
Zinc (mg)      
Baseline 
Post 
14.2 ± 2.6 
6.5 ± 3.7 
17.7 ± 2.4 
9.5 ± 3.3 0.317 0.035 0.932 
Vitamin C (mg)      
Baseline 
Post 
113.5 ± 13.3 
110.4 ± 18.9 
78.1 ± 12.3 
72.5 ± 16.6 0.050 0.786 0.939 
Values are reported as means ± SEM. aControl subjects kept typical diet and consumed 1 multivitamin supplement/day intervention subjects kept typical diet, 
consumed 1 multivitamin supplement/day along with 9 oz. of lean beef supplement/week; bp-value was determined using analysis of variance (ANOVA). Sig-
nificance was set at p < 0.05; cReported intakes do not include nutrients from vitamin/mineral supplements; Y,ZMeans not connected by same letter are not 
significantly different. 
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Table 4. Average daily amino acid intake at baseline and 8 weeks. 
 Controla (n = 14) Interventiona (n = 14) Groupb Timeb Group × Timeb 
Alanine (g)      
Baseline 
Post 
1.9 ± 0.2 
1.9 ± 0.3 
1.9 ± 0.2 
1.8 ± 0.3 0.941 0.962 0.767 
Arginine (g)      
Baseline 
Post 
2.0 ± 0.3 
2.1 ± 0.3 
2.0 ± 0.2 
1.9 ± 0.3 0.866 0.982 0.732 
Asparagine (g)      
Baseline 
Post 
3.4 ± 0.4 
3.4 ± 0.4 
3.6 ± 0.4 
3.2 ± 0.4 0.953 0.631 0.742 
Cysteine (g)      
Baseline 
Post 
0.7 ± 0.1 
0.7 ± 0.1 
0.8 ± 0.1 
0.6 ± 0.1 0.790 0.276 0.259 
Glutamic Acid (g)      
Baseline 
Post 
8.9 ±1.1 
9.4 ± 1.3 
9.6 ± 1.1 
8.4 ± 1.1 0.912 0.065 0.467 
Glycine (g)      
Baseline 
Post 
1.6 ± 0.2 
1.7 ± 0.3 
1.6 ± 0.2 
1.6 ± 0.2 0.924 0.830 0.882 
Histidine (g)      
Baseline 
Post 
1.2 ± 0.1 
1.2 ± 0.2 
1.2 ± 0.1 
1.1 ± 0.1 0.968 0.720 0.642 
Isoleucine (g)      
Baseline 
Post 
1.9 ± 0.2 
1.9 ± 0.2 
2.0 ± 0.2 
1.8 ± 0.2 0.940 0.682 0.479 
Leucine (g)      
Baseline 
Post 
3.5 ± 0.4 
3.5 ± 0.5 
3.8 ± 0.4 
3.2 ± 0.4 0.943 0.511 0 .456 
Methionine (g)      
Baseline 
Post 
0.9 ± 0.1 
0.9 ± 0.1  
1.0 ± 0.1 
0.9 ± 0.1 0.982 0.918 0.606 
Phenylalanine (g)      
Baseline 
Post 
1.9 ± 0.2 
2.0 ± 0.3 
2.1 ± 0.2 
1.8 ± 0.2 0.990 0.600 0.469 
Proline (g)      
Baseline 
Post 
3.3 ± 0.5 
3.4 ± 0.5 
3.7 ± 0.4 
3.0 ± 0.4 0.989 0.540 0.408 
Serine (g)      
Baseline 
Post 
2.0 ± 0.2 
2.1 ± 0.3 
2.3 ± 0.2 
1.9 ± 0.2 0.891 0.460 0.391 
Threonine (g)      
Baseline 
Post 
1.5 ± 0.2 
1.6 ± 0.2 
1.6 ± 0.2 
1.5 ± 0.2 0.922 0.824 0.617 
Tryptophan (g)      
Baseline 
Post 
0.4 ± 0.0 
0.5 ± 0.1 
0.5 ± 0.0 
0.4 ± 0.0 0.755 0.705 0.409 
Tyrosine (g)      
Baseline 
Post 
1.5 ± 0.2 
1.5 ± 0.2 
1.6 ± 0.2 
1.4 ± 0.2 0.911 0.483 0.463 
Valine (g)      
Baseline 
Post 
2.2 ± 0.3 
2.2 ± 0.3 
2.4 ± 0.2 
2.1 ± 0.3 0.928 0.571 0.465 
Lycine (g)      
Baseline  
Post 
2.7 ± 0.3 
2.7 ± 0.4 
3.0 ± 0.3 
2.6 ± 0.3 0.837 0.617 0.586 
Vales are reported as mean ± SEM. aControl subjects kept typical diet and consumed 1 multivitamin supplement/day intervention subjects kept typical diet, 
consumed 1 multivitamin supplement/day along with 9 oz. of lean beef supplement/week; bp-Value was determined using analysis of variance (ANOVA). 
ignificance was set at p < 0.05. S     
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(p = 0.018) (Table 5).  
When the results were evaluated by gender, the fe- 
males experienced more changes than the males. There 
was a significant group × time difference between con-
trol and intervention female subjects in hematocrit that 
was not present in the males (p = 0.055). There was a 
group × time near significance in female TIBC (p = 
0.058). The male findings revealed no change in serum 
ferritin, hematocrit, serum iron, or TIBC in group, time, 
or group x time effects. There was a significant decrease 
due to time in hemoglobin (p = 0.029) (Table 5). There 
were no group or time differences in C-reactive protein 
concentrations.  
4. Discussion 
Athletes, particularly females and those involved in en- 
durance sports have an increased tendency to develop 
iron depletion and deficiency. If untreated and without 
prevention, iron depletion can eventually develop into 
anemia, which severely influences training capacity. 
Even a mild decrease in tissue iron stores appears not 
only to reduce maximum oxygen uptake and aerobic ef- 
ficiency, but also lessen endurance capacity [7,8,11]. The 
body’s demand for iron is elevated in athletes due to the 
increased turnover and losses through foot strike hemo- 
lysis, sweat, and gastrointestinal bleeding [4,12,13]. Con- 
tinual trauma caused by foot strike is the main source of 
hemolysis and iron loss during the action of running [13]. 
The increased sweat rate endurance athletes encounter 
contributes to greater iron losses via sweating in this 
population, although these losses may be minimal [14]. 
Females experience an additional iron loss through men-
struation [15]. Previous research has revealed the diet of 
distance runners to be low in fat, high in carbohydrate, 
and low in protein, which may lead to an intake lacking 
in iron, zinc, and additional nutrients [3,16-19]. Low- 
energy diets, vegetarianism and the perceived health 
risks associated with red meat, as well as the desire for 
convenience may also contribute to low intakes of 
bioavailable iron in athletes [20,21]. The increased iron 
requirements coupled with typical low intakes make this 
population more susceptible to unstable and depleted iron 
stores. An iron-rich diet that has a high bioavailability may 
be necessary in order to prevent the development of iron 
deficiency and anemia [18,22].  
The primary purpose of this study was to determine 
the effects of lean beef supplementation on the iron status, 
body composition and performance of male and female 
collegiate distance runners, in order to increase the re- 
search knowledge on the most effective supplementation 
for this population. At both baseline and post-intervene- 
tion none of the subjects were iron deficient or anemic. 
Serum ferritin was used to assess iron deficiency, as it is 
often the parameter most examined for the evaluation of 
iron status [10,17,21]. In the present study, iron defi- 
ciency was defined as a serum ferritin concentration of 
<15 ug/dl, and anemia was defined as a hemoglobin 
concentration of <12 g/dl for women and <13 g/dl for 
men [1,4].  
The female subjects experienced a near significant 
change (p = 0.055) in hematocrit levels as a result of the 
intervention, where the control females decreased 3.8% 
in volume and the intervention subjects increased by 
14.8% from baseline. The female intervention group re- 
vealed a baseline hematocrit level of 35.1 ± 1.4, which is 
just below the defined normal levels ranging between 
36% - 46% [1]. This finding may expose the heightened 
importance for dietary consumption of bioavailable iron 
among a female population. Serum iron and hemoglobin 
decreased significantly in both groups over the interven- 
tion period. This may be due to the athletes’ intensive 
training and competition regime throughout the study 
duration. Dilutional pseudoanemia is a sports-related 
anemic condition characterized by lower than normal 
hemoglobin concentration in response to a greater plasma 
volume expansion than red blood cell mass [21]. The 
condition develops as a direct response to endurance ex- 
ercise in an attempt to compensate for increased blood 
circulation needed for sweat production and cardiac out- 
put. C-reactive protein was examined at both baseline 
and 8-weeks and revealed no indication of infection 
among any of the subjects. The presence of iron defi- 
ciency or depletion is typically based on serum ferritin 
measures, as they do not fluctuate as readily as other 
markers and are not as vulnerable to other system influ- 
ences [21,23]. Low serum ferritin levels do not confirm a 
deficiency; however, it is a more direct and accurate in- 
dicator of an individual’s iron status [10,17,21]. Serum 
ferritin and TIBC concentrations of both groups did not 
change significantly over the intervention period. These 
athletes did not have evidence of low iron stores at either 
collection point throughout the study, which is consistent 
with the findings of Hinton et al. [5], Lamanca and 
Haymes [8], and Garza et at. [23], who also utilized 
trained male and female endurance athletes as study sub- 
jects.  
The documentation completed by each individual and 
collected by study personnel reported compliance with 
the intake of the provided vitamin/mineral supplement 
daily. Compliance with the beef supplementation within 
the intervention group was positively indicated by an 
increase in protein, total iron, Fe mg/1000kcals, heme- 
iron and red meat average intake from baseline to post 
when compared to the control. This finding is vital for 
the understanding of potenti l dietary supplementation  a 
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Table 5. Participant blood iron parameters at baseline and 8 weeks. 
 Controla (n = 14) Interventiona (n = 14) Groupb Timeb Group × Timeb 
All Subjects      
Serum Ferritin (ug/dL)      
Baseline 
Post 
59.1 ± 4.7 
65.1 ± 6.0 
60.7 ± 4.3 
69.8 ± 4.6 0.535 0.144 0.751 
Hemoglobin (g/dL)      
Baseline 
Post 
14.5 ± 0.5 
11.7 ± 0.6 
13.6 ± 0.4 
11.4 ± 0.5 0.242 0.0001 0.581 
Hematocrit (%)      
Baseline 
Post 
42.5 ± 1.1 
41.1 ± 1.2 
40.0 ± 1.0 
43.1 ± 1.0 0.812 0.448 0.051 
Serum Iron (ug/dL)      
Baseline 
Post 
126.1 ± 14.7 
90.8 ± 13.3 
115.2 ± 11.6 
84.3 ± 11.6 0.506 0.018 0.863 
TIBC (ug/dL)      
Baseline 
Post 
78.0 ±4.0 
77.7 ± 4.0 
72.5 ± 3.5 
69.4 ± 3.5 0.082 0.665 0.713 
Female      
Serum Ferritin (ug/dL)      
Baseline 
Post 
44.7 ± 5.8 
58.5 ± 8.2 
41.5 ± 5.3 
55.8 ± 5.3 0.649 0.051 0.970 
Hemoglobin (g/dL)      
Baseline 
Post 
14.1 ± 0.7 
10.2 ± 0.8 
12.8 ± 0.6 
10.1 ± 0.6 0.298 0.0007 0.429 
Hematocrit (%)      
Baseline 
Post 
41.2Y ±1.5 
39.6Y ± 1.8 
35.1Y ± 1.4 
40.3Y ± 1.4 0.118 0.280 0.055 
Serum Iron (ug/dL)      
Baseline 
Post 
138.2 ± 11.6 
91.3 ± 11.6 
104.3 ± 9.8 
81.5 ± 9.8 0.069 0.009 0.286 
TIBC (ug/dL)      
Baseline 
Post 
87.8Y ± 3.2 
74.2Y,Z ± 3.2 
69.0Z ± 2.7 
68.2Z ± 2.7 0.002 0.037 0.058 
Male      
Serum Ferritin (ug/dL)      
Baseline 
Post 
73.6 ± 7.4 
73.2 ± 8.8 
80.0 ± 6.9 
82.9 ± 7.9 0.332 0.871 0.831 
Hemoglobin (g/dL)      
Baseline 
Post 
14.9 ± 0.6 
13.2 ± 0.7 
14.5 ± 0.6 
12.8 ± 0.7 0.579 0.029 0.974 
Hematocrit (%)      
Baseline 
Post 
43.8 ± 1.4 
42.6 ± 1.7 
44.9 ± 1.3 
45.5 ± 1.5 0.216 0.860 0.541 
Serum Iron (ug/dL)      
Baseline 
Post 
111.1 ± 32.0 
90.3 ± 26.1 
127.9 ± 23.8 
87.5 ± 23.8 0.800 0.284 0.724 
TIBC (ug/dL)      
Baseline 
Post 
68.2 ± 6.6 
81.3 ± 6.6 
76.5 ± 6.1 
70.8 ± 6.1 0.867 0.576 0.172 
Vales are reported as mean ± SEM. aControl subjects kept typical diet and consumed 1 multivitamin supplement/day intervention subjects kept typical diet, 
consumed 1 multivitamin supplement/day along with 9 oz. of lean beef supplement/week; bp-Value was determined using analysis of variance (ANOVA). 
ignificance was set at p < 0.05; Y,ZMeans not connected by the same letter are significantly different. S   
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with this at-risk population. The convenience of addi- 
tional iron intake in the form of lean beef supplementa- 
tion reveals the present method used may be effective in 
the prevention of iron depletion through maintenance of 
iron stores during a training period. There was no sig- 
nificant difference between groups as an effect of the 
intervention in calorie, protein, or amino acid intakes, 
which is noteworthy because both groups in this study 
had fairly high levels of protein intake, reported between 
1.4 - 1.7 g/kg. An athlete who consumes calorie and pro- 
tein amounts within the recommended range throughout 
an intense training duration is less likely to experience a 
change in measures of iron status, body composition or 
performance [4,10,24-27]. The reported significant dif- 
ference in calcium intake seen in the control group was 
due to a decrease in the group’s dairy consumption at the 
post-intervention data collection. Calcium inhibits the 
absorption of both heme and non-heme iron, and may 
have the capability to alter serum ferritin concentrations, 
although only at specific doses of 300 to 600 mg [28]. 
After further review, literature clarifies that little effect 
has been observed on serum ferritin concentrations when 
calcium intakes range from 1000 to 1500 mg/day [29,30]. 
Although there were differences in calcium intake be- 
tween the groups, it is not believed this would impact the 
iron outcome. The present study’s results reveal the par- 
ticipants’ consumption of calcium was within the rec- 
ommended ranges, which indicates its lack of influence 
on serum ferritin levels. 
When both genders were combined the findings re- 
vealed no significant weight change between groups over 
time, although there was a significant increase in body 
fat along with a decrease in lean mass. The results of 
Freidmann et al. [7] and Magazanik et al. [25] also found 
a slight decrease in muscle mass was evident due to train- 
ing and competition by these endurance athletes. How- 
ever, the present study did not see a significant difference 
between groups as a result of the beef supplementation. 
This is inconsistent to results from Heath et al. [18] who 
reported no lean mass loss with additional protein. The 
loss of lean body mass is to be avoided, as it can com- 
promise strength and endurance capacity [10,11,20].  
The performance of both groups experienced a signi- 
ficant increase over time. However, the reported results 
can be attested as an effect of training, in which both 
groups increased consistently. Because these athletes 
were well trained prior to baseline data collection and 
intervention, their iron status, body composition and 
performance measures may lack significant change as an 
effect of the dietary supplementation. The metabolism of 
iron and protein, composition of adipose and lean mass 
tissue, as well as maximal oxygen consumption are 
well-established in this population due to its long-term 
consistency and maintenance with a regular training 
schedule [10,27]. This provides reason for an introduc- 
tion of the present form of a lean beef supplementation at 
the beginning of a training regime, with the intention of 
preventing low-iron intakes.  
Even though significant differences between groups as 
an effect of the intervention were not seen, the trends that 
did occur in the areas of measurement do follow results 
of current literature. This lack of significance could be 
due to sample size. It was calculated a sample size of 57 
may be needed to be confident in determining differences 
in iron status. This study was unique in that the meas- 
urement of supplementation effects on endurance athletes 
was completed on individuals during a competitive sea- 
son, where the athletes involved underwent a common 
training and competition schedule and lived a similar 
lifestyle. The subjects were well nourished based on 
baseline diet histories and well trained prior to baseline 
data collection. The differences between the results of 
this study and other studies may be related to the incon- 
sistencies in training status, intensity and duration among 
subjects in other studies.   
5. Conclusion 
In conclusion, endurance athletes, especially women 
have a tendency to develop low iron stores and iron defi- 
ciency. The determination of iron status is difficult to 
accurately report due to the interaction of various hema- 
tological markers with the body’s response to physical 
activity. Increasing bioavailable iron from red meat may 
assist in the maintenance of iron stores; however, its di- 
rect impact on performance among endurance athletes 
with a normal iron status is unclear. The change in body 
composition of this population over the course of a com- 
petitive season with the supplementation of lean beef 
may result in an enhancement in lean mass, although this 
component requires additional research. The results of 
this study reveal the willingness of athletes to consume 
this form of dietary supplementation as part of their 
training and competition routine. The prevention of iron 
depletion and deficiency should be emphasized and ath- 
letes should be monitored regularly to avoid a potential 
decrease in health status and performance outcomes.  
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